Abstract. This is the first empirical investigation of blood donations in evolutionary perspective. We examine blood donor and non-donor attitudes about health and injury risks, donor characteristics, and the social value of donor participation. We propose that blood donations may communicate qualities about donors to third parties. Observers may benefit from information about the donor's health, value as a reciprocal partner, and/or ability to endure what is perceived as an anxiety-provoking and risky experience. Donors may benefit from an enhanced reputation, which can lead to greater access to cooperative networks and high-quality partners. We found that participants recognized the need for blood and perceived blood donors as generous and healthy. Study results indicated that anxiety and the perceived risk of a negative health consequence dramatically affected the willingness of donors and non-donors to donate blood in the future. These findings support our hypothesis that the act of blood donation may signal adaptive information about donor quality to third parties.
INTRODUCTION
Social scientists and public health experts have long considered non-remunerative blood donations to be examples of unalloyed altruism. Such apparently pure generosity among strangers is rare and findings from research attempting to pin down the motivations for donation to alleviate the chronic shortages of clinical blood supplies have remained enigmatic and contradictory (TITMUSS 1971; FERNANDEZ-MONTOYA 1997; RAPPORT and MAGGS 2002; HUPFER 2006) . The evolutionary puzzle posed by blood donation was noted by DAWKINS (1976) in his classic The Selfish Gene. Dawkins wrote "[m] aybe I am naïve, but I find myself tempted to see [blood donations] as a genuine case of pure, disinterested altruism " (1976: 230) , a view matching the conventional wisdom found in the clinical literature (TITMUSS 1971; FERNANDEZ-MONTOYA 1997) . Surprisingly, the issue Dawkins raised has not been followed up by researchers interested in the evolution of cooperation, and to our knowledge this initial analysis is the first study investigating the puzzle of blood donations from an evolutionary perspective.
There are several characteristics of blood donation that make the phenomenon inherently interesting:
1) The blood distribution system is amenable to "free riding" because those who receive a blood transfusion are not required to provide blood in return. For instance, while most Americans will undergo a procedure that requires donated blood, only 5% actually donate (PILIAVIN and CALLERO 1991; GLYNN et al. 2006) .
2) A blood donor is not guaranteed a blood transfusion if he or she (or a family member) needs a transfusion in the future.
3) In the U.S. and elsewhere it is illegal to receive monetary or other forms of compensation for a whole blood donation.
Thus, donating blood poses an evolutionary conundrum: Why incur costs to provide a highly valuable resource to unrelated strangers, most of whom are nonreciprocators? Cultural norms of community service and aiding the needy may account for some donations, but these are proximate explanations that do not fully explain the dynamics of blood sharing, including frequent donation shortfalls, failure of most people to donate, and the use of varied incentives designed to attract donors. Neither is direct reciprocity plausible, given equal access of non-donors to blood and the size of the social networks involved. Accordingly, we propose that blood donors may receive an indirect benefit which outweighs the cost of donation.
Specifically, we draw on costly signaling theory to propose that blood donation provides a plausible vehicle for honest communication about aspects of donor quality. In this paper, we examine key prerequisites for blood donation as a costly signal: that blood donors are perceived as generous and healthy, and that the perceived costs of donating influences one's willingness to give a future donation. In considering these conditions, we focus on attitudes about blood donations among a sample of young adults. We consider only purely voluntary, non-remunerative blood donations where the donor has no control over its destination.
Costly signaling theory
Costly signaling theory has received considerable attention in recent years and is proving to be a powerful tool for solving evolutionary puzzles such as risk taking (NELL 2002; FARTHING 2005; WILKE et al. 2006 ) and unconditional generosity (SOSIS 2000; BLIEGE BIRD and SMITH 2005) . From the perspective of signaling theory, "altruism" (unconditional generosity) is a multidimensional signal that can honestly broadcast one's cooperative intent and ability (GURVEN et al. 2000; GINTIS, SMITH and BOWLES 2001; BARCLAY and WILLER 2007) , economic status (VEBLEN 1899; BOONE 1998) , trustworthiness (BERECZKEI, BIRKAS, and KEREKES 2007; BERGSTROM, KERR and LACHMANN 2008) and physical vitality (SMITH, BLIEGE BIRD and BIRD 2003) to potential mates and/or current or prospective reciprocal partners.
The key question addressed by signaling theory is: What factors can ensure honest communication given that individuals rarely have completely coincident interests? Some signals are honest because they simply cannot be faked. For example, when marking territorial boundaries tigers signal their physical size by scratching tree trunks as high as they can reach. Biologists term such signals "indexical" (MAYNARD SMITH and HARPER 2003) . In a broader and more interesting class of signals, honesty is ensured by a linkage between signal cost and an underlying quality of the signaler (JOHNSTONE 1997). Thus, costly signals (such as wasteful expenditure of resources) send a reliable message about the signaler's ability to incur the cost of the signal (VEBLEN 1899; SPENCE 1973; ZAHAVI 1975; GRAFEN 1990) . The signal can be faked by low-quality individuals, but these signalers pay a higher signal cost, and thus will receive a lower net benefit (GRAFEN 1990; BLIEGE BIRD and SMITH 2005) . Venues for signaling should clearly show differences in quality between participants that are otherwise not easily observable. Both signalers and signal receivers benefit from the transaction. Signal receivers benefit from the adaptive information that the signal provides, while signalers potentially benefit from the reputation they establish via the signal.
Veblen (1899) first explained how conspicuously consuming material items can be a form of social competition that reliably signals an individual's wealth. A public donation is a form of conspicuous consumption whereby the donor displays his or her wealth by transferring money or goods to a collective recipient, such as a charity organization. This kind of competitive altruism, termed conspicuous donations by ZAHAVI and ZAHAVI (1997) , can enhance one's reputation among peers, intimidate competitors, and attract mates (SMITH and BLIEGE BIRD 2000) . Whereas the Veblenian model views donor generosity as simply the cost of the signal, it is also possible to interpret a conspicuous act of generosity as an "altruistic message" that reliably broadcasts the signaler's willingness and ability to share (GURVEN et al. 2000; GINTIS, SMITH and BOWLES 2001; SMITH and BLIEGE BIRD 2005) . When making decisions about who to trust and/or with whom to form a long-term cooperative partnership, humans are often faced with imperfect and misleading information. Signaling arenas that involve costly acts of generosity provide a means for honest communication about the quality of signalers as reciprocal partners (ROB-ERTS 1998; GINTIS, SMITH and BOWLES 2001) . Signalers benefit from special access to cooperative social networks and greater cooperation within these networks (MILINSKI, SEMMANN and KRAMBECK 2002; BARCLAY and WILLER 2007) . Signaling a capacity to share can also reassure current sharing relationships, increase the likelihood of reciprocation in times of need, and attract mates (ROBERTS 1998; GURVEN et al. 2000; KELLY and DUNBAR 2001; SMITH and BLIEGE BIRD 2005; FARRELLY, LAZARUS and ROBERTS 2007) .
In addition to signaling cooperative intent, a blood donation can send important information about other qualities, such as the donor's health status and ability to withstand the possible consequences of risks. A wide range of species have evolved physiological mechanisms that honestly advertise an individual's health status (GETTY 2002; WAITT et al. 2003; LOYAU et al. 2005) . Since many people are ineligible to donate blood due to health problems and disease status, knowledge that a person is a blood donor provides a "health profile" of the donor to observers. Giving blood may further signal a willingness to engage in risky and anxiety-provoking situations. A wealth of research shows that young adults will engage in risky behavior as a means to signal underlying qualities (WILSON and DALY 1985; BYRNE, MILLER and SCHAFER 1999; DALY and WILSON 2001; FARTHING 2005; WILKE et al. 2006; LYLE and SULLIVAN 2007) .
Costs and benefits of donating blood
In the United States and EU member states, remunerative donations are not allowed because compensated donors are more likely to carry transmissible diseases (FER-NANDEZ-MONTOYA 1997). The frequency of transmitted diseases has decreased with the move to a non-remunerative system, but so too has the frequency of blood donations. Despite major campaigns to recruit donors and decades of research on donor motivation, blood shortages remain a worldwide phenomenon (ANDROULAKI et al. 2005) . Additionally, while the need for blood is increasing in the U.S., the current blood supply is barely meeting demand (GLYNN et al. 2002; SCHREIBER et al. 2006) Researchers interested in why few people donate blood have collected a wealth of data on the perceived costs and risks of donating blood. A variety of perceived costs and risks, including fear of negative health consequences, anxiety about needles, anxiety about mistakes by staff and lost time has been shown to affect one's willingness to donate. These perceptions have been observed across cultures that differ economically and socially, including Bangladesh (HOSAIN, ANISSUZZAM and BEGUM 1997 ), Thailand (WIWANITKIT 2002 ), Spain (FERNANDEZ-MONTOYA 1997 , Scotland (ROBERTSON and MCQUEEN 1994) , the U.S (PILIAVIN and CALLERO 1991) and Nigeria (OLAIYA et al. 2004) . Further concerns about side effects such as weight loss, sexual failure, high blood pressure, dizziness, pain, bruising, nausea, faintness, fever, convulsion, and sudden death have been documented (OLAIYA et al. 2004; HUPFER, TAYLOR and LETWIN 2005) . Donation trauma has been shown to be the most negative factor anticipated by both prospective and re-peat donors (HUPFER, TAYLOR and LETWIN 2005) . These costs may explain why only half of those who donate blood for the first time ever return for a second donation (GLYNN et al. 2002) .
Although blood donations appear to be examples of pure altruism, donors may receive personal benefits. Blood donations are distinctive in being a renewable resource that is in great demand. Consequently, blood donations provide an ideal means to repeatedly demonstrate generosity. Some blood collection centers in the US employ programs that offer blood points in return for a blood donation, which can be used to "purchase" practical and leisurely items at the center's store. Some blood centers also offer blood vouchers, which allows a donor to "store" blood in the form of a credit that can be applied toward a blood transfusion if needed in the future by the donor or the donor's friends and family. Research indicates that these incentives strongly encourage current and prospective donors, and we will discuss the evolutionary significance of these incentives elsewhere (LYLE, SMITH, and SUL-LIVAN, unpublished data). The present paper focuses on the reputational benefits of blood donation by investigating a blood sharing milieu where blood points, blood vouchers and other incentives are not offered.
We do not know whether blood donors gain a net fitness benefit (and are thus behaving in a currently adaptive manner) or are executing adaptations that were selected in past environments when social groups were small and intimate, and are currently not adaptive. We return to this issue in the Conclusion section.
BLOOD DONATION AS COSTLY SIGNALS: PREDICTIONS
In light of the theory and prior research discussed here, we propose several hypotheses regarding blood donation as a signaling system. Our predictions focus on four aspects of this hypothesized system: (1) blood donors (signalers) experience lower costs with regard to expected risk, inconvenience, and anxiety; (2) the perceived costs of making a donation affects one's willingness to donate blood, such that those who perceive greater costs will have a lower stated likelihood of future donation; (3) blood donation is considered an act of generosity; and (4) blood donors are perceived as healthy.
Do the perceived costs of donating affect one's willingness to share?
If the perceived cost of donating blood affects one's willingness to share, then nondonors should perceive greater costs in blood donation than donors. (1) Thus, we predict that non-donors are more concerned about (a) the risk of a negative health consequence, (b) the inconvenience and time lost, and (c) the fear and anxiety related to giving a blood donation. Furthermore, we expect that as the perceived costs of donating increases, the likelihood of giving a future donation decreases. (2) Therefore, we predict a negative relationship between one's willingness to donate blood in the future and each of the following perceived costs: (a) risk of a negative health consequence, (b) inconvenience and time lost, and (c) fear and anxiety of giving a blood donation. We focus on perceived costs (rather than objectively measured ones) for two reasons: first, data on the former are much more readily collected; second, anxiety, fear, and aversion to physical risks will correlate with reduced ability to handle emergencies and risks that arise unexpectedly, making such individuals less useful as allies or mates (all else being equal).
Are blood donors perceived as generous?
A signal has no value if there is no audience (HAWKES and BLIEGE BIRD 2002) . If donating blood is indeed a signal of generosity that is socially valued, we would expect observers to recognize this. (3) We predict that observers (in effect, non-donors and donors in our study sample) will (a) recognize that there is a need for blood (i.e., that donation is a social good) and (b) perceive a blood donation as an act of generosity.
Are blood donors perceived as healthy and disease-free?
Given our assumption that blood donation is a signal of the donor's health and disease status, (4) we predict that both donors and non-donors will perceive donors as relatively disease-free and healthy.
METHODS
Institutional review board approval was acquired from the University of Washington (UW). The study population (N = 346) was comprised of anthropology and business undergraduate students from UW, Seattle and UW, Tacoma. Participants were offered extra credit for taking an online survey instrument. Ninety-three percent of those recruited completed at least part of the survey. Eleven participants were excluded for submitting incomplete surveys. The average age of the participants was 20.1 years (SD = 3.57); 71% (n = 245) were female and 29% were male (n = 101). Donors (n = 119) were classified as those who had donated blood at least once. Thirty-four percent (n = 119) of those who participated had donated blood at least once and 66% had never donated blood (n = 227).
A pilot survey instrument was developed from unstructured interviews with blood donors and non-donors. The pilot survey was tested (n = 12) for item clarity and coherence. The validity of the pilot research and test instrument development was assessed by subjecting the questionnaire data to a Principal Components Analysis (Table 1) , which is discussed in more detail below. The final online survey instrument was composed of three dimensions: perceived cost of donating, perceived generosity of blood donors, and perceived health status of donors. The per-ceived cost of donating was measured using three clusters of items: risk of a negative health consequence, pain and anxiety, and inconvenience and time wasted (Table 2). The perceived generosity of blood donors was measured using two groups of items: perception of blood donors and perceived need for blood (Table 3 ). The final group of items measured the perceived health status of donors (Table 4 ). The perceptions of blood donations and donors were measured using a five-point Likert scale: (5) strongly agree, (4) agree, (3) undecided, (2) disagree, and (1) strongly disagree.
The survey instrument included other Likert-style items that measured the overall perceived costs of giving a blood donation (1 = very low to 5 = very high) regarding risk, inconvenience, and anxiety, as well as the likelihood a participant would make a future donation (1 = highly unlikely to 5 = highly likely). It also assayed eligibility status, knowledge of someone who has received a transfusion, and if donors had donated blood on a UW campus. The survey concluded with an openended question that allowed participants to provide additional comments about their perspective regarding blood donations.
For descriptive purposes, item cluster distributions for the perceived costs of giving a blood donation, perceived generosity and health of donors, and the perceived need for blood are presented using 95th-percentile confidence intervals ( Figs. 1 and 2 ). Relationships between ranked dependent variables and fixed factors were analyzed using the Mann-Whitney test. The predictive relationships between the overall perceived costs of giving a blood donation (risk, inconvenience, and anxiety) and the likelihood of giving a future donation was assayed using Somers' d statistic. Hypotheses involving Likert scales call for non-parametric tests. For the items in Tables 2, 3 , and 4, we employed a method which formulates two categories of responses: "agree" and "strongly agree" responses are combined to form one category and "disagree" and "strongly disagree" responses are combined to form another category. Responses to the midpoint of the scale (undecided) are treated as missing data. Using this method, an agree:disagree ratio can be quantified for individual items and complete item clusters. We ran one-sample chi-square tests of proportions (with a predicted proportion of 0.5) to determine if donors were perceived as generous and healthy, and to see if the need for blood was recognized. The proportion 0.5 represents the null hypotheses: people are indifferent regarding the need for blood, and indifferent regarding blood donors as generous and healthy. This analysis was run on individual items in Tables 3 and 4, as well as the complete item clusters "Perception of donors", Perception of need", and "Health Status". Those items that are thematically reversed -see (-) items in Tables 3 and 4 -were corrected (i.e., "agree: responses were coded as "disagree" and vice versa) prior to analysis. All tests are two-tailed at the 0.05 level of significance. Statistical tests were conducted using SPSS 16.
The 5-point Likert-type variables answered by all study participants were included in a Principal Component Analysis (see Tables 2, 3 , and 4). Varimax rotation produced eight components with eigenvalues >1 accounting for 52.5% of the total variance ( Table 1) . The extracted components generally follow the designed questionnaire item clusters of "risk of a negative health consequence", "time and inconvenience", "pain and anxiety", "perception of donors", "perception of need for blood", and "health status signal" but with some residual variance, particularly in component 8. Overall, the extracted factors closely approximate the questionnaire design and indicate that the underlying structure of the instrument is appropriate and will form a solid basis for further development and research. Reliability analysis of our psychometric instrument indicates unidimensionality in the principal constructs. Cronbach's alpha levels were acceptable for the "cost" measure (N =14; α = 0.69) and "generosity" measure (N = 10; α = 0.62) (Tables 2 and 3) . The third measure, perceived health status, yielded a low but acceptable alpha value (N = 4; α = 0.52) given the small number of items it contained (Table 4) .
Because of the disproportionately high number of females in our sample, we tested to see if the opinions of females were driving the means for "all participants" reported in Tables 2, 3 , and 4. To do so, we selected a random sample of females that was equal to the number of males in our sample (n = 101) and reran the analysis with equal numbers of males and females. We repeated this method for three tries and each time the means for all participants in the selected sample (n = 202) fell within the 95% CI of the means for all participants reported in Tables 2, 3 , and 4 (n = 346).
RESULTS
The perceived cost of donating blood affects one's willingness to donate
We predicted (1a-1c) that blood donors would perceive blood donations as being less costly compared with non-donors. In addition to the items that assayed the perceived risk/inconvenience/anxiety associated with giving a blood donation (see Table 2), the survey also included three items in which participants ranked "overall" how risky, inconvenient, and anxiety-provoking giving a blood donation is on a 5 point scale (1 = very low to 5 = very high). There were significant differences between donors and non-donors regarding the perceived risk of a negative health consequence (Mann-Whitney test; Z = -3.46; n = 227, 119; p = 0.001) and anxiety (Mann-Whitney test; Z = -6.24; n = 227, 119; p < 0.001), but no difference regarding the time and inconvenience of donating blood (Mann-Whitney test; Z = -0.104; n = 227, 119; p = 0.917). The items in Table 2 that concern specific aspects of each costs show a similar pattern. Consistent with the results reported above, there were significant differences in multiple "risk of a negative health consequence" and "anxiety" items, but no significant differences between donors and non-donors for any "time and inconvenience" item (Table 2) . Thus, using multiple measures, our predictions that blood donors are less concerned about the "risk" and "anxiety" costs of a blood donation were supported, however, we found no difference with regard to perceived "time" cost. We also predicted a negative relationship between each of the perceived costs of donating blood (1 = very low to 5 = very high) and the stated likelihood of future donation (1 = highly unlikely to 5 = highly likely). We found a significant negative relationship between the perceived risk of a negative health consequence and the likelihood of a future donation. (Somers' d = -0.229, p < 0.001). A similar relationship was found for anxiety (Somers' d = -0.345, p < 0.001). Although there was a negative relationship between the perceived costs in terms of time and inconvenience and the reported likelihood of giving a future donation, the association was weaker and fell short of statistical significance (Somers' d = -0.084, p = 0.092). Additionally, we ran separate analyses of donors and non-donors and found similar relationships between perceived costs and likelihood of a future donation as reported above.
The item cluster distributions indicate that both donors and non-donors are most concerned about the anticipated pain and anxiety of giving a blood donation, though blood donors are considerably less concerned than non-donors (Fig. 1) . Non-donors are more concerned about the risk of a negative health consequence than donors, while there is little difference regarding the perceived time wasted and inconvenience of giving a blood donation between donors and non-donors (Fig. 1) . Differences between donors and non-donors ****p < .0001 Fig. 1 . Item cluster means and 95% confidence intervals derived from a 5-point Likert scale (5 = strongly agree, 4 = agree, 3 = uncertain, 2 = disagree, 1 = strongly disagree). See Table 2 for items included in this analysis. The means for reversed Likert items (-) were corrected prior to analysis. Negative health consequence: donors, item cluster mean 2.60, 95% CI 2.50-2.71, n = 119; non-donors, item cluster mean 2.80, 95% CI 2.74-2.86, n = 227. Pain and Anxiety: donors, item cluster mean 3.40, 95% CI 3.29-3.51, n = 119; non-donors, item cluster mean 3.80, 95% CI 3.73-3.89, n = 227. Time and inconvenience: donors, item cluster mean 2.60, 95% CI 2.46-2.73, n = 119; non-donors, item cluster mean 2.64, 95% CI 2.57-2.71, n = 227.
The item cluster distributions indicate that both donors and non-donors are most concerned about the anticipated pain and anxiety of giving a blood donation, though blood donors are considerably less concerned than non-donors (Fig. 1) . Non-donors are more concerned about the risk of a negative health consequence than donors, while there is little difference regarding the perceived time wasted and inconvenience of giving a blood donation between donors and non-donors (Fig. 1) .
Donating blood is perceived as a generous act
Our prediction that blood donors are perceived as generous and that the need for blood is recognized was supported by the data. All of the items from the "generosity" item cluster (Table 3 ) received considerably more responses in the predicted direction of the scale, with one exception (Table 3 ; Perception of donors, item 4). prior to analysis. Perceived health status: donors, item cluster mean 3.67, 95% CI 3.56-3.78, n = 119; non-donors, item cluster mean 3.69, 95% CI 3.63-3.76, n = 227. Perception of need: donors, item cluster mean 3.95, 95% CI 3.85-4.05, n = 119; non-donors, item cluster mean 3.87, 95% CI 3.81-3.92, n = 227. Perception of donors: donors, item cluster mean 3.78, 95% CI 3.69-3.86, n = 119; non-donors, item cluster mean 3.76, 95% CI 3.69-3.82, n = 227.
Each item from the "need" item cluster also received considerably more responses in the predicted direction of the scale (Table 3) . Item cluster distributions indicate that blood donors are perceived as highly generous and the need for blood is recognized, with very little difference between donors and non-donors in this regard (Fig.  2) . Using the method of categorizing Likert responses described earlier we summed the number of "agree" and "disagree" responses in each item cluster and calculated the ratio of "agree" responses to "disagree" responses. One sample chi-square tests with a predicted proportion of 0.5 indicate that the perceived need of blood is great (ratio 909:41; Chi square 791.26; df = 1; p < 0.0001), and donors are perceived as generous (ratio 1381:333; Chi square 639.56; df = 1; p < 0.0001). Given these results, we conclude that Prediction 3 is supported.
Blood donors are perceived as healthy and disease-free
We predicted (4) that blood donors are perceived as healthy and disease-free. Each "health status" item (Table 4 ) received considerably more responses in the predicted direction of the scale with one exception. There was a reverse effect for Item 2, Table 4; participants did not feel that blood donors need to be "physically fit" in order to donate (Chi square 19.18; df = 1; p < 0.0001). Items cluster distributions clearly demonstrate that blood donors are perceived as healthy and free of diseases, and this perception is shared by donors and non-donors (Fig. 2) . Using the method of categorizing Likert responses described earlier we summed the number of "agree" and "disagree" responses in the "Health Status" item cluster and calculated the ratio of "agree" responses to "disagree" responses. A one sample chi-square test with a predicted proportion of 0.5 indicates that donors are perceived as healthy (ratio 915:45; Chi square 786.62; df = 1; p < 0.0001). Based on these results, we conclude that prediction 4 is also supported.
DISCUSSION

The perceived costs of donating blood
When analyzing human generosity it is important to consider the costs and benefits, both current and future, that influence decisions on whether or not to share (WIN-TERHALDER and SMITH 2000) . Signaling theory makes some rather specific predictions concerning costs and benefits, as outlined earlier in this paper. The signaled information is often related to signal cost in a particular manner, such that greater signal frequency or intensity should indicate a higher-quality signaler who pays lower marginal costs; in addition, others should benefit from obtaining reliable information about signaler quality, and respond in ways that compensates signalers for signal cost. For the present study, we divided the costs of donating blood into three categories: (1) anxiety related to pain, needles and the sight of blood, (2) concern about negative health consequences, and (3) inconvenience and time costs.
Anxiety and fear of pain
By far the greatest perceived cost in our study population is anxiety about needles, pain and the sight of blood (Fig. 1) . Fear of the needle was clearly the most anxietyprovoking element of giving a blood donation among our participants, and "negative experiences with the needle" was the most frequently mentioned topic in our open-ended survey item. One respondent reported that intense fear of needles forced her to alter her trek between classes, and wrote "I have a severe fear of needles and I actively avoid even going near the donation truck. Blood donation is something I respect, but I don't think I could ever bring myself to do it." Our data also indicate that exposure to blood makes many people uncomfortable (Table 2 ; Anxiety and pain, item 4) and even physically ill. For one of our respondents, "the sight and thought of blood makes me very nauseous and I frequently pass out and/or get dizzy when being vaccinated." This extreme level of anxiety about giving a blood donation clearly would affect one's willingness to engage in generosity of this nature. Our data show a strong negative relationship between such concerns and a willingness to make a future donation, and this is true for donors as well as nondonors. Blood donors were significantly less anxious about giving a blood donation than non-donors. Blood donors report less fear of the needle, and less sensitivity to the pain of giving a blood donation (Table 2) . What underlying qualities are signaled by blood donors in this regard? Humans oftentimes place themselves in stressful, anxiety-provoking situations that are easily avoidable. This poses an interesting evolutionary problem as it is increasingly clear that anxiety-related stress can result in a suite of negative health outcomes (MCEWEN 1998; SAPOLSKY 2004) . Sensitivity to acute and chronic stress is variable (MCEWEN 1998) , and knowledge of who can react calmly in high-stress and high-anxiety situations is important information to consider when making decisions about with whom to interact. Preferentially choosing friends, allies, and mates who perform well under pressure is likely to be adaptive in modern and ancestral social environments. Thus, both possessing this quality and gaining information about inter-individual variation in this quality may have adaptive value, and provide a selective advantage for honest communication via costly signaling. Of course, it is also adaptive to be anxious about sharp objects penetrating one's body. The tradeoff between these two sets of attitudes will arrive at different preferences and outcomes between different individuals, and selection may well favor an equilibrium mix of risk-takers and riskavoiders rather than some optimum that applies to all in the population. The logic of this aspect of our signaling hypothesis is simply that judicious risk-taking and will-ingness to endure pain in the interests of socially-beneficial outcomes may increase one's value as an ally in various contexts.
We considered the possibility that blood donors may have less fear because of their past experiences donating blood. Our data do not indicate that perceived anxiety decreases as donation frequency increases beyond a single instance. It is also important to note that we found a negative relationship between anxiety/fear and the likelihood of giving a future donation among both donors and non-donors, again demonstrating that anxiety/fear affects the willingness to donate even for those who have given blood.
Concern over negative health consequences
Research across cultures indicates that prospective blood donors are concerned about the possibility of negative health outcomes (ALLEN and BUTLER 1993; HOSAIN, ANISSUZZAM and BEGUM 1997; HUPFER, OLAIYA et al. 2004; TAYLOR and LETWIN 2005) . While our research indicates a strong association between the perceived risk of a negative health consequence and the likelihood of future donation, the overall perceived risk in this regard was relatively low. One reason for this may be that our respondents were not raised in the social climate of the 1980s when a general fear of contracting HIV via blood transfusions and needles was prevalent. Some respondents were concerned about the risk of contracting a disease and other negative health consequences, and several shared their "horror" stories about recurring fainting spells, vomiting, and experiencing weakness for several days after giving a blood donation. Major phlebotomy-related donation complications are considerably higher for donors that are 18-19 years of age compared with donors who are over the age of 20 years (EDER et al. 2008) , indicating that our study population is indeed at high relative risk. Blood donors in our study are significantly less concerned than non-donors about the risk of a negative health consequence. These stated attitudes may reflect bravado (a false signal) rather than honest information about their anxieties; they might indicate that donors are indeed more willing to endure costs for a common good; or they might indicate that donors have been subject to more pressure to donate. Future research should test these alternative hypotheses using experimental and/or ethnographic research.
Time and inconvenience
As mentioned, wasting time is another type of uneconomical behavior that can send information about one's economic status and trustworthiness (VEBLEN 1899; BERGSTROM, KERR and LACHMANN 2008) . Information of this nature is not easily observable, but could be valuable when making decisions about how to interact with a person. Spending time giving a blood donation that could be used for other fitness-enhancing activities may send a reliable message about an individual's eco-nomic standing. Donating blood is by no means a fast and convenient process. In discussions with blood donors, one of us found that the extraction process combined with travel time and paperwork can take 2 or more hours. It is not surprising that time wasted and inconvenience has been shown to deter prospective donors from donating blood .
The differences between non-donors and donors regarding the time wasted and inconvenience of giving a blood donation were negligible. Overall, time costs and inconvenience were not seen as significant, and did not affect a willingness to give a future donation ( Table 2 ; Fig. 1 ). This may be due to the convenience of donating blood for those in our sample. Blood donations at UW, Seattle are principally collected in "blood buses" (mobile blood collection units) in a central area of the main campus. In addition to their conspicuous presence and accessibility, the buses collect blood several times a month. Of those in our sample that had donated blood at least once, 57% had donated at the UW or another college campus. Thus, the time costs and inconvenience of giving a blood donation are relatively lower for our study population than they might be in a non-college sample.
Because participants in our sample were less sensitive to the costs of donating compared with the general public, it is not surprising that our sample contained an unusually large proportion of donors (34%) compared with current frequencies of donors in the U.S. (5%) . Fortunately for blood donation recruiters, if our data are representative of college students in the U.S., two important deterrents -fear of contracting diseases and time wasted/inconvenience -may be receding with time.
Signaling Generosity and Cooperative intent
We have discussed the types of information that may be signaled by donating blood in terms of costs, and will now consider the "altruistic message" that may also be conveyed by blood-sharing behavior. In a social environment where nonreciprocators are ubiquitous, a necessary condition for the success of cooperators is that they can positively assort. Honest communication in the form of costly acts of generosity, such as making a blood donation, can help to achieve this goal. In addition to their value as reliable reciprocators, altruists have also been shown to be more appealing to the opposite sex and able to attract high quality partners (HAWKES, O'CONNELL and BLURTON JONES 2001; KELLY and DUNBAR 2001; SMITH, BLIEGE BIRD and BIRD 2003; FARRELLY, LAZARUS and ROBERTS 2007) .
The effectiveness of a signal is dependent on the attentiveness of the audience. Is the need for donors and blood recognized? The need for blood and blood donors is critical; less than 5% of the American population donates blood, and the number of units of blood collected has dropped in recent years despite increasing need (SANCHEZ et al. 2001; BOULWARE et al. 2002; HUPFER, TAYLOR and LETWIN 2005; GLYNN et al. 2006) . Our data indicate that both donors and non-donors agree that there is a "pressing" need for blood donors and that the need for blood is "great" (Table 3 ; Fig. 2) . It is possible that simply taking part in the study raised the awareness regarding the need for blood, but we feel this had only a negligible effect on the results. A high proportion of respondents realize that they, or someone they know, may be saved by a blood transfusion. In our sample of young adults, 41% report knowing a person who has received a blood transfusion and 51% believe that they will need a blood transfusion at some time in their life; there are no differences between donors and non-donors in this regard. Thus, it is not surprising that our respondents felt strongly that blood donors "save lives" and that giving a blood donation is about "helping others" (Table 3) .
Based on our data, we feel that a blood donation may be interpreted as signaling an individual's willingness and capacity for generosity. We explored this proposition by including two items in our generosity item cluster that specifically approached whether or not blood donation is perceived as a reliable signal of generosity in other domains (Table 3 ; Perception of donors, items 5 and 6). Respondents felt that donors were "more likely to share other things in their life" and that a blood donation "sends a message about one's generosity" (Table 3 ). This is consistent with past research which indicates that blood donors are more likely to volunteer in other social venues, exhibit a greater desire for self-sacrifice, and are less likely to have free-riding tendencies (CONDIE et al. 1976; BOE and PONDER 1981; PILIAVIN and CALLERO 1991) . Our initial finding that donors are perceived to be reciprocators is particularly amenable to future testing using a game method.
Blood donations as a signal of health quality
Many prospective donors, about 40% in the U.S., are ineligible to donate blood for reasons such as health problems and disease status ). In addition, people who engage in risky sexual behavior or inject illegal drugs can be ineligible; and those that have traveled in areas with a high prevalence of diseases are also barred from donating. Over 32% of our survey participants had tried to give blood but were ineligible at the time. They cited a variety of reasons for being turned down: undisclosed infections, insufficient body weight, medications, anemia, highrisk sexual behavior, vasovagal syncope, recent tattoos or piercings, diabetes, foreign travel, "tiny veins", thyroid disorder, hemophilia, and low blood pressure. Demonstrably free from potential health issues, individuals who are eligible to donate blood are able to convey reliable information regarding health, disease status, and physical vitality to potential mates or prospective long-term partners. Long-term, repeat donors can maintain their "health reputation" by providing current information about health status.
But do people know about the aforementioned eligibility criteria and see blood donors as healthy and disease-free? Our study indicates that both donors and nondonors do. Respondents felt strongly that a donor must be "disease-free" in order to donate and that those in poor health are ineligible (Table 4) . As mentioned above, prospective and current donors fear a range of negative health consequences (OLAIYA et al. 2004; HUPFER, TAYLOR and LETWIN 2005) . Those who donate blood regularly may be risking these negative outcomes as a means to signal vitality and physical prowess. Lending support to this proposition, respondents felt that a blood donation is "less risky" for those of good health (Table 4) .
How are the signals conveyed?
While we have demonstrated that giving a blood donation can plausibly be interpreted as a costly signal of donor quality, we have not discussed possible mechanisms by which the signal is conveyed. Blood donors are often offered gifts, such as T-shirts and lapel pins that are of little material value. However, these gifts have one thing in common: they include statements that identify donor status, such as "I saved a life, I donated blood." Blood buses and Centers in the Seattle area offer these incentives, as well as a choice of several brightly colored bandages and even fluorescent tourniquets to cover the needle site. This highly observable symbol invites onlookers to ask "What happened to you?" and may enhance signal transmission and reliability.
A problem with blood donation as a medium for honest signaling is the potential for fakery; for example, one could wear a "I donated blood" shirt without actually making a donation. However, the social arenas in which donors are signaling may make defecting difficult. We propose that blood donors are signaling to members of their active social network. Falsely claiming donor status to friends and peers would be difficult to accomplish, and would be reputationally risky.
CONCLUSION
Explaining human altruism is a complex challenge that is likely to have a variety of answers. Costly signaling theory is one framework that may contribute to this task. To date, it has received far less attention than some other approaches. However, signaling theory has recently provided insight into unconditional public generosity in both small-scale subsistence societies (GURVEN et al. 2000; SMITH and BLIEGE BIRD 2000) and industrialized ones (SOSIS 2006; BARCLAY and WILLER 2007; LYLE and SULLIVAN 2007; BERECZKEI, BIRKAS, and KEREKES 2007; NELISSEN 2008; OHSTUBO and WATANABE 2009) . In this paper we have begun the task of evaluating its promise for explaining altruistic behavior in the blood donation context by analyzing attitudes about health and injury risks, donor characteristics, and the social value of blood donations in a sample of young adults. Because only a minority of people donate blood, and the benefits of blood transfusion are available to those who need them regardless of their past or future donation activity, unremu-nerated blood donations provide an ideal context for testing theories of human altruism that extend beyond conditional reciprocity.
Our findings, based as they are on survey data, cannot answer questions about the current adaptiveness of blood donation. As noted in the introduction, some might interpret unconditional generosity (such as blood donation) as a product of psychological mechanisms that evolved in a world where there were no strangers and individuals' actions were known to all members of their society. On the other hand, some of the ethnographic particulars reviewed above suggest that relevant members of one's social group will be aware of such acts even in large urban settings, and indeed that aspects of blood donation are designed to transmit such information effectively and reliably. Only future research can decide such issues, but the results reported here are not affected by this larger debate over current versus past adaptiveness.
This is the first analysis of the phenomenon of blood donations from an evolutionary perspective. Our initial research provides the groundwork for subsequent research, and suggests several directions for observational and experimental approaches to further examine if the full set of conditions for a costly-signaling dynamic (MAYNARD SMITH and HARPER 2003; BLIEGE BIRD and SMITH 2005) are met in the case of blood donation. First, it would be desirable to collect observational data on actual social consequences of blood donation in this and other study populations. Second, our results indicate that willingness to share and other attributes of blood donors should be tested experimentally as well as ethnographically. It should also be noted that our sample was limited to young adults in a college setting, and may not be representative of the broader population. Most of the blood donors in our student sample had donated once only, and important insights may be obtained by analyzing repeat donors as a distinct group in future research. Finally, gender differences in blood donor motivation should also be considered in future research.
